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ANISOTROPICMESHDEFORMATION
USING STIFFNESS FIELDS
GAËTAN LOUPY SIMÃO MARQUES AND RICHARD HAYES
ENSEEIHT Queen’s University Belfast
INTRODUCTION
To be able to solve fluid-structure interac-
tion problems, the mesh needs to be de-
formable. One classic method to perform
this is the spring analogy. But this algorithm
lacks robustness leading to shapes collapsing
even for small or medium motions. To over-
come these limitations, this work proposes a
method based on:
1. Spring Analogy.
2. Stiffness field.
3. Iterative Grid Stretching
SPRING ANALOGY METHOD
This method consists of putting a spring
in all faces of all grid elements. A spring
network where all point displacements are
inter-dependent is created. In this work we
consider unstructured, hybrid meshes.
Each point i is described by a two dimen-
sional motion Ui = Uix + Uiy . Its connected
edges are part of Γn,i and its opposite edges
are in Γo,i. In Γw and Γm,w the displacement
is imposed by the aerofoil movement by:
Ui = gi, ∀i ∈ {Γw,Γm,w} (1)
where gi is the imposed displacement.
A triangle composed of spring edges is de-
formable, so the system needs to prevent
points from reaching an opposite edge. The
ball vertex method[2] adds a virtual spring
from each point i to each respective op-
posite edge centre point p. Hence, each
point is now bound by its opposite edges.
Each “spring” will have a stiffness of edges
given by:
ki,j =
1
Li,j
, ∀ {i, j} (2)
ki,p =
1
Li,p
, ∀ {i, p} (3)
STIFFNESS FIELD
We consider an aerofoil mesh defined by the
following regions:
• Γm,w : discretized aerofoil wall
• Γw : discretized quadrilateral zone
• Γ0 : discretized far-field
• Γm : triangular mesh
Mesh Regions RAE 2822 Grid
The grid shown above, was generated with
GMSH[1]. Initial tests of the algorithm show
that it works well with translations. But
when there rotations are present in mesh re-
gions of many constraints, triangles collapse
despite the virtual springs. Therefore, the
stiffness field is not suitable for large rota-
tions. To overcome this problem the stiffness
is modified by linking it to the distance from
the boundary:
ki =

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)
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i + 1), di ≥ 1− β (4)
ITER. GRID STRETCHING
If an edge length keeps increasing, its stiff-
ness will decrease. So, cells stretch more eas-
ily if a displacement is decomposed into sev-
eral sub-steps. So all displacements are de-
composed into sub-steps and the stiffness is
now given by:{
∆ki = ki,t0 − ki,t
ki = ki,t0 + ∆ki
(5)
The mesh displacement at each iteration is
driven to a steady state solution. For each
vertex i the new equilibrium position is
given by:
ne∑
j=1
ki,jUj +
no∑
p=1
ki,pUp −
−
 ne∑
j=1
ki,j +
no∑
p=1
ki,p
Ui = 0 (6)
where no is the number of opposite edges. To
close the system, an equation to keep a point
p in the center of each edge j, l is needed:
Up − Uj + Ul
2
= 0, ∀p ∈ {Γo,i} (7)
The system of equations is solved using sp-
solve from ScyPy.
RESULTS
Results for a 45◦ rotation of the RAE 2822
mesh - impact of new stiffness field, eq.4
Original New stiffness field
Original New stiffness field
Results for a 90◦ rotation of the RAE 2822
mesh
New stiffness field New field & Stretching
New stiffness field New field & Stretching
The modified stiffness field allows cells near rigid zones to have increase stiffness, hence im-
proving quality for large rotations. The inclusion of sub-iterations to achieve a final displace-
ment allowed obtaining valid grids for rotations up to 90◦.
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CONCLUSION
The original ball vertex method lacks robust-
ness for large rotations. This work proposes
a new way to define the stiffness field. The
new field allows rotations for angles up to
50◦. For larger displacements, sub-iterations
stiffness calculations were required. The
spring analogy method is straightforward to
implement, hence future work will explore
further refinements to this method.
